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METHOD FOR ASSAYING NON-SPERMINE/SPERMIDINE ACTIVITY OF 
SPERMIDINE/SPERMINE N^-ACETYLTRANSFERA SE (SSAT) 

FIELD OF THE INVENTION 

This invention relates to a mettiod for assaying activity of the enzyme 
spermidine/spermine N'-acetyltransferase (SSAT) using SSAT substrates by detecting 
acetylated forms of the SSAT substrates. SSAT substrates may include amantadine 
wherein metabolism of amantadine occurs in part by the action of the inducible enzyme 
SSAT to produce the acetylated metabolite N-acetylamantadine. 

BACKGROUND OF THE INVENTION 

Amantadine was first synthesized at the Du Pont laboratories in the 1960s (Davies et al, 
1964) and has a unique polycyclic aliphatic structure, with an achiral primary amine that 
makes it a weak base (pKa = 10.1). At physiological pH, it exists mainly in the cationic 
form. Amantadine has been used as an adjunct in the symptomatic relief of Parkinson's 
disease and for the prophylaxis and treatment of influenza A virus infection the two 
approved clinical indications for amantadine in Canada. 

The first report that addressed amantadine metabolism was by Bleidner et aL They stated 
that there was no evidence of acetylated or methylated forms of amantadine in human 
urine or other extraneous peaks that could be attributed to metabolites of the drug 
(Bleidner et al^ 1965). This view was accepted and foiined the basis of opinion 
concerning amantadine metabolism and the assumption that incomplete oral absorption 
could account for some of the unrecovered dose. More recently evidence indicates that 
amantadine is acetylated by a specific acetyltransferase. 

Amantadine metabolism 

Koppel and Tenczer (1985) provided the first evidence for metabolic disposition of 
amantadine in humans. These researchers reported that 5 to 15% of the administered dose 
(200mg) was recovered in the urine as acetylamantadine in three healthy young male 
volunteers. Furthermore, they reported the existence of other minor metabolites, which 
were not quantified. They suggested that other minor metabolic pathways may be involved 
in N-methylation, formation of Schiff bases and N-formiates. There was no evidence for 
oxidation of the adamantane ring (Koppel & Tenczer, 1985). This observation was 
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extended by Sitar et al, whai they reported that acetylation of amantadine wasliot 
correlated with the N-acetyltransferase 2 (NAT2) acetylator phenotype. This observation 
suggested that NAT2 was not the acetyltransferase enzyme that catalyzed this conjugation 
reaction (Sitar et al, 1991). Further still, Bras et al. (1998) reported amantadine 
acetylation may be effected by acetyltransferases other than N-acetyltransferase 1 (NATl) 
or NAT 2. 

Spermidine/Spermine Acetyltransferase (SSAT) 

Spermidine/spermine N'-acetyltransferase (SSAT), is ubiquitously distributed in 
mammalian tissues and plays a role in catabolism and elimination of polyamines from 
cells (Cohen, 1998; Morgan, 1998). However, in normal or uninduced mammalian tissues 
SSAT is present at very low levels (Casero & Pegg, 1993; Cohen, 1998). SSAT is an 
inducible enzyme that catalyzes the transfer of an acetyl group from acetyl-coenzyme A to 
the aminopropyl moiety of polyamines. This action by SSAT facilitates polyamine 
degradation, excretion, cycling and/or intracellular cycling (Casero & Pegg, 1993). In this 
manner SSAT participates in the maintenance of polyamine homeostasis in mammalian 
cells. 

Regulation of SSAT 

Induction of SSAT can be caused by different drugs, growth factors, polyamines. 
polyamine analogues, toxic substances, homiones, and physiological stimuli (Casero & 
Pegg, 1993). All could cause induction, but the induction occurs at different times for each 
individual compound. The regulation of SSAT expression occurs at the levels of 
transcription, mRNA stability, roBi^A translation and protein stability (Fogel-Petrovic et 
al., 1997). 

The SSAT gene contains a polyamine responsive element located in a region that occurs at 
-1522 to -1492 with respect to the SSAT transcriptional start site (Wang et al., 1998). 
Within this 31 base pair sequence, the polyamine response element was identified as a 9 
base pair sequence. The polyamine response element mediates transcriptional induction of 
SSAT by the polyamine analogue N',N"-bis(ethyl)spermine or natural polyamines (Wang 
e/ a/., 1998). 
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SSAT, the rate-limiting enzyme in the catabohc pathway plays a regulatory role in 
maintaining spermidine and spermine homeostasis. It has been estimated that less than 
1000 molecules of SSAT are present in a rat hepatocyte, compared to 60,000 molecules in 
an induced cell (Matsui & Pegg, 1981; Pegg et al., 1982). The induction of mammalian 
tissues by the various inducers can result in increased levels of SSAT that in turn may 
serve as a potential acetylator of primary amine-containing compounds. 

Induction or over-expression of SSAT is usually required for there to be sufficient SSAT 
enzyme present in cells or 100,000 x g supernatant before in vitro experiments can be 
successfully undertaken (Casero & Pegg, 1993; Fogel-Petrovic et al., 1997; Matsui & 
Pegg, 1980; Pietila et al., 1997). 

Thus, while the literature teaches that SSAT is an acetylating enzyme specifically for 
substrates including spermine and spermidine or its analogues, SSAT activity, SSAT 
enzyme kinetics and assay methodology for non-spermine/spermidine substrates of SSAT 
has not been understood. Current methods exist to quantitate SSAT activity however these 
techniques are dependent on highly skilled personnel and involve complicated 
experimental methods. More specifically, thwe has been a need for assay methodology 
which quantifies the activity of SSAT through detection of acetylated forms of non- 
spennine/spermidine substrates of SSAT, including amantadine which may be used to 
detect various pathological conditions. 

SUMMARY OF THE INVENTION 

In accordance with the invention, there is provided a method for determining the activity 
of spermine/spermidine N'-acetyltransferase (SSAT) in a mammal comprising the step of 
assaying a sample derived from the mammal for the level of an acetylated form of a non- 
spermine/spermidine, (or analogues thereoQ, SSAT substrate in the sample. 

In one embodiment, the SSAT substrate is amantadine and the acetylated form of an SSAT 
substrate is acetylamantadine. The method may include incubating the SSAT substrate 
with the mammal or mammalian tissue or cells at a specific SSAT substrate dosage level, 
preferably in the range of 1-4 mg/kg and more preferably at 3 mgAcg. Samples to be 
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assayed may be urine and/or blood samples from the mammal which may be collected at 
2-24 following substrate incubation and preferably at 8 hours following incubation. 

The relative level of the non-spermine/spermidine SSAT substrate in the sample is 
preferably correlated to a standard curve representing known activity levels and may be 
assayed by a variety of techniques including but not limited to gas chromatography, radio- 
labelling, mass spectrometry, high performance liquid chromatography (HPLC) and thin- 
layer chromatography. 

In another embodiment of the invention, the assay method is used to correlate SSAT 
activity to pathological conditions in the mammal including gastric carcinoma, ovarian 
cancer, acute myelocytic leukemia, lymphoma, breast cancer, renal cancer, colorectal 
cancer, prostate cancer or alcohol consumption. 

BRIEF DESCRIPTION OF THE DRAWINGS 
. The invention is described with reference to the drawings wherein: 

Figure 1 represents the metabolic disposition of amantadine (Adapted from Koppel and 
Tenczer (1985)). 1. Amantadine 2. N-Acetylamantadine (major metabolite) 3. N- 
methylamantadine 4. N,N'-dimethylamantadine 5. N-methyleneamantadine 6. N- 
formylamantadine 7. and 8. possible stepwise oxidation of N-dimethylamantadine (4) 9. 
N-ethylideneamantadine 10. 1-adamantol acetate. 

Figure 2 is a plot of urinary excretion of acetylamantadine by transgenic mice 
overexpressing SSAT and injected with amantadine HCl (3mg/kg). Control non-transgenic 
mice undergoing the same procedures did not excrete acetylamantadme in their urine. The 
values reported are mean + S.E. of 4 separate experiments. 

Figure 3 is a representative plot of V vs. S demonstrating spermidine acetylation by 
transgenic mouse liver 100,000 x g supernatant containing SSAT with apparent Km 263 
\xM and Vmax = 0.010 nmol/min/mg protein (r^ = 0.99). The addition of a therapeutic 
concentration (2.5 ^M) of amantadine (A) causes inhibition of spermidine acetylation and 



SUBSTITUTE SHEET (RULE 26) 



wo 02/070732 PCT/CA02/00265 

5 

an increase in the apparent K„, to 542 and V^y, to 0.014 nmol/min/mg protein (i^ = 
0.99). 

Figure 4 is a representative plot for the inhibition of acetylspermidine production by 
increasing amantadine concentrations in the presence of 50 spermidine. Spermidine 
acetylation is completely inhibited by 10,000 |iM amantadine. 

Figure 5A is a representative Dixon plot of 1/v versus [I], showing the inhibition of 
acetylspermidine production by increasing amantadine [I] concentrations in the presence 
of 50 ^M and 200 jaM spermidine. The intersection of the two lines to left of y-axis and 
above the negative x-axis indicate the inhibition could be competitive or mixed inhibition. 

Figure SB is a representative Comish-Bowden plot S/v versus [I]of the same data as in 
Figure 5 A. The two parallel lines in the plot indicate competitive inhibition. 
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DETAILED DESCMPTION OF THE INVENTION 

In accordance with the invention and with reference to the Figures, a method for assaying 
SSAT activity is described for in vitro and in vivo models. 

EXPERIMENTS 

Experiments to determine if SSAT is an enzyme responsible for the acetylation of 
amantadine were undertaken. 

Transgenic Animal Studies 

CD2F1 transgenic mice overexpressing spermidine/spemiine N*-acetyltransferase were 
generated at the A.I. Virtanen Institute for Molecular Sciences (University of Kuopio, 
Kuopio, Finland). The transgene construct for these mice was from a genomic sequence 
isolated 129 SVJ mouse genomic library as previously described (Marko Pietila et al., 
1997). The transgenic mice were propagated and maintained at the Grace Cancer Drug 
Center (Roswell Park Cancer Institute, Buffalo, New York). CD2F1 non-transgenic mice 
were obtained from Charles River Laboratories (St. Constant, Quebec, Canada). 

In vivo Experiments 

Both transgenic and non-transgenic CD2F1 mice were injected subcutaneously with a dose 
of 3 mg/kg amantadine HCl (0.5 mg/ml). The stock amantadine for injection was prepared 
by dissolving amantadine HCl in normal saline for injection. The solution was then 
filtered into a sterile vial using a 0.22 ^ GV Millex filter (Millipore Canada, Mississauga, 
Ontario) and stored at 4^C. The mice were placed in separate metabolic cages. The total 
urine was collected and washed from the sides of the metabolic cages with DDW at 3, 6, 
9, and 24 hr after drug injection. The urine was frozen at -20° C until analyzed for 
acetylamantadine. 

Modified gas-liquid chromatography 

Acetylamantadine was quantified by gas-liquid chromatography as previously described 
(Bras et al, 1998), and modified to improve sensitivity. The modified procedures used 
solid phase extraction as follows: Supelclean™ ENVFM-IS SPE tubes, 3 ml (Supelco, 
Bellafonte, PA.) were primed with 2 ml of methanol, and 2 ml of DDW, followed by 2 ml 
of 0.2 M sodium phosphate buffer pH 7.4. The mouse urine samples of 1.0 ml were mixed 
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with 50 ^1 acetaiiilid (5 mg/1, dissolved in DDW), as an internal standard and 1.0 ml of 
buffer. The samples were loaded on the columns and allowed to permeate. The columns 
were washed with 2 ml 0.2 M sodium phosphate buffer followed by two washes of 2.5 ml 
DDW. Excess water was removed under low vacuum pressure. The column was eluted 
with 2 ml ethyl acetate to extract acetylamantadine and internal standard, and evaporated 
under a stream of nitrogen to dryness in a fume hood at room temperature. The residue 
was reconstituted with toluene (35 )il), allowed to stand for 30 min, and mixed for 2 min. 
Samples (1 pi) from the reconstituted residue were injected into an Hewlett Packard model 
5890 series II gas chromatograph using helium as the carrier gas and a Hewlett Packard 
high performance (crossed-linked methyl silicone gum) 25 m x 0.2 mm x 0.3 fim film 
thickness capillary column. The detector temperature was 250^C, injection port 250''C, and 
oven temperature was programmed so that the initial temperature was 150°C for 2 min, 
then increased by 10°C/min to 20&'C and held for I min, increased by 70^C/min up to 
240°C and held for 1 5 min. A nitrogen-specific detector was used. 

Standard curves for acetylamantadine were derived from blank urine (diluted 1:10) with 
DDW or plasma (for subcellular metabolism studies) to which known amounts of 
acetylamantadine were added. The concentration range of the calibration curves for both 
urine and- plasma was from 6.25 - 800 ng/ml. Plasma and urine assays for the quantitation 
of acetylamantadine were performed m duplicate. Duplicates differing by more than 10% 
were reanalyzed. Urine samples outside of the calibration range were diluted and 
reanalyzed. In urine, was 0.99 and C.V. = 10% (n = 6). In plasma, was 0.98 and C.V. 
~ 16% (n = 3) over an 1 1 month period. 

Other assay methods for measuring acetylamantadine levels can be incorporated as 
understood by those skilled in the art including radio labelling, mass spectrometry high 
performance liquid chromatography (HPLC) and thin layer chromatography. 

Enzyme Preparation 

Transgenic and non-transgenic male CD2F1 mice weighing 25 to 38 g were anaesthetized 
with pentobarbital sodium (200 mg/kg) injected intraperitoneally. A laparotomy was 
performed through which the mice were sacrificed by sectioning of the aorta, and the liver 
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was removed immediately and placed in ice-cold Tris buffer containing 0.25 M ^ose, 
50 mM Tris-HCl (pH 7.5 (pH adjusted using NaOH)), 25 mM KCl, 5 mM MgCh and 
modified to include 1 mM EDTA, and 2.5 mM DTT to improve enzyme stability when 
homogenizing the liver. The liver was blotted, weighed, and finely minced with a tissue 
chopper (Mickle Lab. Engineering Co. Ltd., Gomshall, Surrey, UK.) at 4*^0. The minced 
tissue was placed in two volumes of the Tris buffer and homogenized using a Polytron 
homogenizer (Kinematica GMBH, Luceme, Switzerland) for 2 min at a power setting of 
6. The homogenate was centrifiiged at 100,000 x g for 1 h at 4''C (Beckman L8-80M 
automatic refrigerated ultracentrifiige, with T80 centrifuge Rotor) and the supernatant 
served as the source of spermidine/spemiine N^-acetyltransferase (SSAT). Supernatant 
protein was determined using the Biuret reagent method, as follows: 30 |al of supernatant 
was mixed with 120 ^1 of DDW and 600 ^1 of Biuret reagent, providing a five times 
dilution of the supernatant, and compared to a standard curve constructed using crystalline 
bovine serum albumin with a concentration range between 1 and 10 mg/ml. The colour 
was allowed to develop for 30 min and then read on a spectrophotometer at a wavelength 
of 540 nm (Pharmacia Biotech Ultraspec 4000, Pharmacia Biotech (Biochrom) Ltd., 
Milton Road, Cambridge, UK.). The dilution of the supernatant was necessary to prevent 
Tris homogenizing buffer firom interfering with the Biuret assay. To confirm that no 
interference was occurring, an experiment was performed where the bovine serum 
albumin was mixed with either Tris homogenizing buffer or water to give the same protein 
concentration (10 mg/ml). The Tris buffer bovine serum albumin mixture was diluted 5 x 
as described above and compared with albumin mixed with water after mixing with Bixwet 
reagent and allowed to develop for 30 min. The results were identical for both (data not 
shown), indicating that this procedure provided results without interference from the Tris 
buffer. 

Spermidine Acetylation Assay Procedures 

The spermidine acetylation assays were completed by measuring the incorporation of 
radioactivity from [acetyH-"*C]-acetyl CoA as follows: tubes were prepared in triplicate 
by the addition of 20 ^il spemidine dissolved in Tris-HCl buffer such that the 
concentrations in a final incubation volume of 100 ^1 were between 50 to 1000 ^M for 
spermidine, and 100 mM Tris-HCl, pH 7.8 at 37^C (pH adjusted with NaOH). A solution 
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(20 ^l) containing 40 nCi of [acetyH-'^C]-acetyl CoA dissolved in DDW was added to 
the tubes. The supernatant was adjusted with Tris buffer to give a protein concentration in 
the incubation medium of 1 mg/ml in a final incubation volume of 100 nl Assay blanks 
were prepared in the absence of speimidine. The assay was initiated with the addition of 
100,000 X g supernatant (60 ^1) to the tubes and incubated for 10 min in a ST'C water bath 
with shaking (80 oscillations/min) in a Haake SWB 20 incubator (Fisons Instruments, 
Haake Mess-Technik GmbH, Karlsrutte, Germany). The reaction was terminated by the 
addition of 20 fxl of ice cold aqueous IM hydroxylamine HCl; tubes were briefly mixed 
with a vortex-type mixer, and placed on ice. The reaction mixture was then placed in a 
boiling water bath for 3 min. The tubes were centrifuged at 12,000 x g for 3 min to pellet 
the protein (Fisher Scientific Micro Centrifuge model 235c). An aliquot of the resultant 
incubation supernatant (50 ^il) was applied and allowed to permeate 2.5 cm cellulose 
phosphate paper discs (Whatman. P-Sl, Whatman International Ltd., Maidstone. UK) that 
were previously wetted with DDW and placed on a vacuum box. Negative pressure was 
applied and the discs were washed 5 times with DDW, followed by three washes with i.O 
ml 95% v/v ethanol. The dried discs were placed into scintillation vials containing 4 ml of 
Ready Safe scintillation fluid (Beckman Coulter Inc., Fullerton, CA) and counted in a 
Beckman model LS6000TA scinHllation counter (Beckman Instruments Inc., FuUerton, 
CA). To determine SSAT activity, the non-specific radioactivity of the blanks was 
subtracted fix>m the total radioacHvity of the samples containing the added spermidine. 

InhibitioD Studies 

Inhibition of spemiidine acetylation by SSAT was detennined by the addition of 
amantadine. 1 to 10,000 yM. to fixed concentrations of spermidine, 50 to 80 ^M. The 
NATl selective substrate PABA with a concentration range of 200, 500 and 1000 ^M or 
the NAT2 selective substrate SMZ with range of 200, 500 and 700 ^M were added to 
tubes containing spemiidine (200 nM) and the acetylation reagents as described above. 
The PABA and SMZ were dissolved in 4% DMSO Tris-HCI buffer solution. The PABA 
and SMZ are first dissolved in 100% DMSO and then diluted using Tris-HCI buffer to the 
desired concentration of substrates; the final concentration of DMSO depended on the 
volume of buffer used for dilution. To ascertain that DMSO did not interfere with SSAT. 
two controls were nin simultaneously, containing 200 mM spennidine dissolved in Tris- 
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HCl buffer with and without DMSO. Spennidine acetylation was quantified as described 
above. All assays were performed in triplicate. 

Amantadine Acetylation in vitro assay 

Amantadine was incubated with transgenic mouse liver 100,000 x g supernatant as the 
source of SSAT. An acetyl-CoA regenerating system was used as a source of acetate 
(Andres et aL, 1985). The assay was performed in 1.5 ml microcentrifuge tubes. The assay 
buffer contained 225 mM Tris-HCl, 4.5 mM EDTA, and 4.5 mM DTT (pH 7.5 at ST^'C). 
In brief, 100 jiil of acetyl-CoA (1 mM in DDW) and 100 ^il of acetyl-CoA regenerating 
system (5.4 mg/ml acetyl-DL-caraitine HCl and 1 U/ml carnitine acetyltransferase 
dissolved in assay buffer) were added to the tubes. Then 200 jal of amantadine (50, 100, 
200 ^iM) or a mixture of amantadine and SMZ (2500 ^M) were dissolved in Tris-HCl 
buffer (pH 7.8) and added in manner such that the final incubation concentration of the 
buffer was 100 mM in the final volume of 1000 ^1. To start the reaction, 600 \xl of 
supernatant were added and incubated for 10 min at 37**C. The reaction was stopped by the 
addition of 200 ^1 of ice cold aqueous IM hydroxylamine HCl and placed on ice. The 
protein was removed as previously described in the spermidine acetylation procedures 
section. The resultant incubation supematant was frozen at -20**C until analyzed for 
acetylamantadine using gas liquid chromatography. 

Data Analysis 

Data are expressed as mean ± SE of at least three experiments. Apparent and Vmax 
values were determined by nonlinear regression fit to the Michaelis-Menten equation with 
the computer program (version 6.0a, Biososfl, Ferguson, MO). IC50 values for inhibition 
of spermidine acetylation were detemiined using regressive probit analysis graphical 
methods were used to assess the type of inhibition caused by amantadine. Urinary 
acetylamantadine excretion between transgenic mice was evaluated by the two-tailed 
Student's / test. Regression analysis was used to evaluate inhibitory activity of PABA and 
SMZ against spermidine acetylation. Differences between means with values P < 0.05 
were considered significant. Analysis of variance (ANOVA) was used to detect 
significance among multiple groups. 
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Chemicals and reagents 

Sucrose, potassium chloride, dithiothreitol (DTT), magnesium chloride (MgCl2.6H20), 
perchloric acid, glacial acetic acid, anhydrous dimethylsulfoxide, acetonitrile, and 
hydroxylamine HCl were acquired from Fisher Scientific, (Fisher Chemical, Fair Lawn, 
New Jersey). Spermidine, Tris-HCl, EDTA, acetyl-coenzyme A (sodium salt), acetyl-DL- 
camitine HCl, carnitine acetyltransferase (from pigeon breast muscle), sulfamethazine 
(SMZ), /?-aminobenzoic acid (PABA), N-acetyl-p-aminobenzoic acid (AcPABA), 
triethanolamine-HCl, leupeptin, phenylmethylsulfonyl fluoride, butylated 

hydroxytoluene, triethylamine, bovine serum albumin and methylglyoxal bis- 
(guanylhydrazone) (MGBG) were obtained from Sigma Chemical Company (St. Louis, 
MO.) and [acetyH.^'*C]-acetyl CoA (58.9 mCi/mmol) was purchased from New England 
Nuclear (Boston, MA.). Amantadine HCl was provided by Dupont Canada Inc. 
(Mississauga, Ontario, Canada). Human albumin crystallized was pxu-chased from Miles 
Scientific (Naperville, Illinois). N-acetyl-sulfamethazine (AcSMZ) was synthesized 
according to a previously published method (Svensson et aLy 1991). 

RESULTS 

Experiments Using Transgenic Mice Over expressing SSAT 
In vivo Studies of Amantadine Acetylation. 

Urine samples from amantadine-treated CD2F1 transgenic mice overexpressing SSAT 
consistently demonstrated metabolism of the parent compound to acetylamantadine in all 
timed collection periods (Fig 2). The acetylamantadine excreted in the urine as a 
cumulative percent of administered dose at 24 hr ranged between 2-6% with a mean of 4.5 
±1.0%. 

In vitro Studies of Spermidine Acetylation 

A representative non-linear velocity versus substrate concentration plot for spermidine 
acetylation by transgenic mouse liver 100,000 x g supematent containing SSAT is shown 
in Fig 3. The kinetic parameters derived from these plots indicate an apparent Km of 267 ± 
46 fiM and a V„«x of 0.009 ± 0.002 nmol/min/mg protein (n =10, different mice). Using 
the non-transgenic mouse liver supernatant as a source of SSAT, spermidine acetylation 
was not detected. 
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Amantadine Inhibition Studies 

The ability of amantadine to inhibit q)ainidine acetylation by including it with spennidine 
incubations was evaluated. The addition of a therapeutic concentration of amantadine (2.5 
\)M) impeded the acetylation of spermidine, indicating it could serve as a substrate for the 
SSAT enzyme (Fig 3). Subsequently, inhibition studies using fixed concentrations of 
spennidine (50 nM) and various concentrations of amantadine ranging from 1 to 10,000 
HM were completed. A representative inhibition profile (Fig 4) showed complete 
inhibition of the SSAT enzyme at 10,000 ^iM amantadine. Amantadine inhibition profiles 
were used to determine IC50 values for spermidine acetylation. From the IC50 values, the 
inhibitor dissociation constant (Ki) was calculated. Dixon and Comish-Bowden analyses 
supported the interpretation that amantadine inhibition of q)ermidine acetylation was 
consistent with competitive inhibition (Fig 5A and 5B), and the use of IC50 values to 
calculate the K,-. The apparent ICso and Kj values were 935 ± 191 |jM and 738 ± 157 jiM 
respectively (n = 13). 

Amantadine Acetylation studies 

In vivo data showed that only transgenic male mice overexpressing SSAT excreted 
acetylamantadine in their urine. These mice contain at least 20 copies of the SSAT 
transgene, and have a level of SSAT activity in the liver that is 4 fold higher than seen in 
nontransgenic mouse liver (Pietila et a!., 1997), strongly suggesting that SSAT is the 
enzyme catalyzing the acetylation of amantadine and possibly other primary amine- 
containing drugs and xenobiotics. 

Furthermore, it was previously reported that Sprague-Dawley rats receiving the same 
therapeutic dose of amantadine did not excrete acetylamantadine in tiieir urine (Goralski et 
al., 1999). These results are similar to studies showing that the non-transgenic mice of the 
same stirain as the transgenic mice also failed to excrete acetylamantadine in their urine. 
These observations strongly suggest the need for increased levels of SSAT to be present 
before the acetylation of amantadine can occur. The percentage of die administered dose 
excreted by the transgenic mouse in their urine as acetylamantadine was similar to that 
shown in previous reports in humans (Bras et al., 1998; Koppel & Tenczer, 1985). 
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In vitro data using the transgenic mouse liver supernatant as the source of SSAT 
implicates it as the enzyme that acetylates amantadine, giving support to the in vivo 
observations. The data demonstrated that when amantadine was incubated with the 
transgenic mouse liver derived supernatant in the absence of spermidine, modest amounts 
of acetylamantadine were produced. This observation is consistent with low amounts of 
acetylation that occur in humans when they ingest amantadine (Bras et ai, 1998; Koppel 
& Tenczer, 1985). These observations are further supported by in vitro data that showed 
that neither NATl nor NAT2 could explain amantadine acetylation (Bras et ai, 1998), 
suggesting that amantadine is a specific substrate for SSAT. In contrast, the non- 
transgenic mice have inherently low levels of SSAT in their livers; in vitro experiments 
were performed and no acetylation of spermidine was detected. In addition, amantadine 
was not acetylated in other in vitro experiments using pig lung supematant as the source of 
SSAT. In support of these findings, previous studies using non-induced and non- 
transgenic rat-derived liver supematant revealed no detectable levels of acetylputrescine or 
acetylspermidine were produced (Blankenship & Walle, 1977; Seiler & al-Therib, 1974). 
Investigating amantadine acetylation led to the finding that SSAT is a previously 
unrecognized drug acetylating enzyme. The data suggest that amantadine is a novel drug 
substrate that can be used to evaluate and detect SSAT activity. Amantadme, being a 
specific substrate for SSAT, could be used to evaluate SSAT contribution to drug 
acetylation. 

Drugs that contain the substituted diaminopropane structure that resembles part of 
spermidine, have been acetylated by SSAT. For in vitro experiments using human SSAT 
expressed in E. coli, Pany et al, demonstrated that the antitumor and immunosuppressive 
agent 1-deoxyspergualin, a metabolite of amifostine, the radioprotective and 
chemoprotective agent S-2-(3-aminopropylamino) ethanethiol (WR1065), and the 
spermine synthase inhibitor N-(n-butyl)-l,3-diaminopropane were acetylated by SSAT 
(Parry et al, 1995). However, besides these three drugs, no other studies have been 
reported that examined drugs that are not diaminopropane substituted as potential 
substrates for SSAT. 
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Further, in pathological states cellular polyamine levels are increased along witiTincreased 
levels of N'-acetylspermidine and polyamines excreted in the urine (Morgan, 1998; 
Russell, 1971; Suh et al, 1997). The increased levels of N'-acetylspermidine observed m 
the urine of cancer patients suggests increased SSAT activity. The levels of SSAT activity 
in malignant tissues are greatly increased compared to normal tissues. Cancers with 
increased levels of N^-acetylspermidine include gastric carcinoma, ovarian cancer, acute 
myelocytic leukemia, lymphoma, breast cancer, liver cancer, renal cancer, colorectal 
cancer, prostate cancer and others (Kingsnorth & Wallace, 1985; Pine et al., 1989; Sessa 
& Perin, 1991; Suh et al, 1997; Takenoshita et aL, 1984). The increased expression and 
activity of SSAT seen in cancer cells prevents polyamines from reaching levels that would 
be toxic- to the cell (Bettuzzi et aL, 2000). The above observations support the 
interpretation that the increase in acetylation of NAT2 substrates observed in malignancy 
probably is due to increased levels of SSAT enzyme. 
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1. A method for detennining the non-sperniine/spennidine activity of 
spermine/spemiidine N'-acetyltransferase (SSAT) in a mammal comprising the 
step of assaying a sample derived fiom the mammal for the level of an acetylated 
form of a non-spermine/spermidine SSAT substrate in the sample. 

2. A method as in claim 1 wherein the SSAT substrate is amantadine and the 
acetylated form of an SSAT substrate is acetylamantadine. 

3. A method as in claim 1 wherein prior to the step of assaying for the level of an 
acetylated form of the SSAT substrate, the SSAT substrate is incubated with a 
marrmial, mammalian tissue or mammalian cells at a specific SSAT substrate 
dosage level. 

4. A method as in claim 3 wherein the SSAT substrate dosage is equivalent to 1-4 
mg/kg. 

5. A method as in claim 3 wherein the SSAT substrate is incubated a mammal and the 
sample is a blood or urine sample. (Dr. Sitar pointed out the fact that 
acetylamantadine is also detectable in blood by same methods, should we 
specifically claim?) 

6. A method as in claim 5 wherein the urine sample is collected 2-24 hours after 
SSAT substrate incubation with the mammal. 

7. A method as in claim 5 wherein the urine sample is collected 8 hours after SSAT 
substrate incubation with the mammal. 

8. A method as in claim 1 wherein the level of an acetylated fom of the non- 
spermine/spermidine SSAT substrate in the sample is correlated to a standard to 
determine the relative level of SSAT activity in the mammal. 

9. A method as in claim 1 wherein the level of an acetylated form of the non- 
spermine/spermidine SSAT substrate level is assayed using gas chromatography. 
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10. A method for determining the activity of spermine/spermidine N'-acetyltransferase 
(SSAT) in a mammal comprising the step of assaying a sample derived from the 
mammal for the level of an acetylated fom of a non-diaminopropane substituted 
SSAT substrate in the sample. 

11. The use of a method as in claim 1 for correlating SSAT activity to pathological 
conditions in the manrunal including gastric carcinoma, ovarian cancer, acute 
myelocytic leukemia, lymphoma, breast cancer, renal cancer, colorectal cancer, or 
prostate cancer. 
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